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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A CORREIATTON WITH FLIGHT TESTS OF RESULTS OBTATNED FROM
THE MEASUREMENT OF WING PRESSURE DISTRIBUTIONS
ON A llr-SCALE MODEL, OF THE X-1 ATRPTANE

(10-PERCENT~THICK WING)
By Jack F, Runckel and James H. Henderson

SUMMARY

An investigation was made in the Langley 16-foot transonic tunnel
of the aerodynamic characteristics of a %— scale model of an X-1 air-

plane in order to correlate wing pressure-distribution results obtained
in a slotted wind tunnel with flight test data on the full-scale air-
plane. Results were obtalned through a Mach number range from 0.70

to 1.00 at Reynolds numbers up.toc 4.6 million and at angles of attack
up to 15° at lower speeds and up to 5° at a Mach number of 1.00.

Evidence was not found to lndicate that restrictions or interference
effects of sufficient megnitude existed to affect the validity of wing
pressure data obtalned with the relatlively large model that was tested
in the slotted 16-foot wind tunnel.

The results indlcaete that chordwise pressure distributions and
spanvigse-loadings derived from the two technigues are In good agreement.
The wingepanel pltching moments obtained in the wind tunnel were more
negative than those shown in the flight resulta because of some 4if-
ferences in the two airfoll contours neer the tralling edges, but the
static longitudinal stability of the wing wes about the same.

Midsemispan section data obtained in the slotted tunnel was found
to be in good agreement with two-dimensional data.

INTRODUCTION

The aerodynsmic characteristics of a %n-scale model of the X-1 air=
plane were determined in the Langley 16-foqt transonic tunnel in order to
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investigate the validlty of aerodynamic data obtained with a relatively
large model in a slotted transonic test sectlon by camparing the results
with similar data obtained in .flight on the full-spized airplane. The
model used for this investigetion was the X-1 airplane number 2, which
hes a 1O0-percent-thick wing. (For convenience, the model is designated
hereinafter as the X-1-2 airplane.) A correlation with flight tests
based on wing-pressure-distribution comparisons was selected, because
this wind-tunnel technique was thought to be free of wind-tummel inter-
ference effects and the NACA Murcc Flight Station was already in the
process of accumulating wing-pressure-distribution data on the

X-~-1-2 airplsne. The available published data on the X-1-2 wing-pressure-
distribution measurements are given In references 1 to 5.

The present Investigation reports the results of pressure-
distribution measurements obtsined in the Langley 16-foot transonic
tunnel through a Mach number range from 0.7 to 1.0 at Reynolds numbesrs
up to 4.6 million and through an sngle-of-attack range up to 15° at
lower speeds and up to 5° at the highest speed. These data are compared
with results obtalned from the full-scale airplesne wing.

SYMBOIS
M Mach number
R Reynolds number; based on a wing mean serodynamic chord
of 1.203 ft
r static pressure in undisturbed stream, lb/sq Tt
Py local static pressure on upper surface, lb/sq i
P, local static pressure oa lower surface, Ib/sq £t
q incompressible dynamic pressure, lb/sq 't
P pressure coefficient, EET;—E or 2175—3
Pp = Py
Pgr resultant pressure coefficlent, — 5
Pep pressure coefficient for local sonic velocity
S area of wing panels outboard of station A (fig. 1};

6.211 sq Tt

b twice spanwise distance from station A to tip; 5.708 ft
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al

local wing chord parallel o plane of symmetxry, ft
average chord of test panel, S/b, f%

mean gerodynamic chord of test panel from station A to tip,

b/2
-g-j c2dy; 1.119 £t
0

chordwise distance from leading edge of local chord, ft

gpanwise distance outboard of statior A (fig. 1), ft

T
section normal-force coefficient, Jr (PZ - pu)d %
o

sectlon pitching moment about 0.25 local chord,

v/;l (b - »;)(E - 0-29)a X

section pltching-moment coefficient about a line perpendicular
to plane of symmetry, passing through 0.25-chord point of
mean aerodynemic chord of test panel,

1
0.40c -~ 0.15c!
b -z - oesen=las

wing-panel normal~force coefficlent, f Cn -E— 4a %y_
c
wing-panel bending-moment coefficient about station A,
1
c LW g X
ng b b
wing-panel pitching-moment coefficient sbout 0.25 panel

- 1 2
mean aerodynamic chord, f} cm(g) a %?
c

pitching-moment coefficient of wing panel at zero normal
force (Cm at Cy = 09
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xcp/c' wing-panel center of pressure position along panel mesan .
"aerodynamic chord

yCR/b/E wing-panel lateral center of pressure position N

o angle of attack of fuselage center line, deg

az section geometric angle of attack, deg

BaL Tlight value of left alleron deflection, deg

Subscript:

A sirplane

MODEL AND APPARATUS

The model tested In this investigation was s %u-scale model of the

X-1-2 alrplane having a 10-percent-thick steel wing, magnesium fuselage,
and an aluminum-glloy empennage with an 8-percent-thick horizontal tail.
Figure 1 shows the principal dimensions of the model as tested in the
Langley 16~foot transonic tunnel and photographs of the model and sting- .
support system are shown in figure 2.

The model wing, which did not have ailerons, incorporated an
NACA 65-110 (a = 1) airfoil section which differed slightly from the
actual alrplane wing in that the airfoill sections of the full-size
airplane were modified over the landing flaps and the ailerons were
uncusped (fig. 1(c)). The 0.40-chord line of the wing was unswept
(fig. 1(a)). The wing had an incidence angle of 2.5° with respect to
the fuselage axis at the fuselage center line and 1.5° at the wing tip,
an sspect ratio of 6, a taper ratio of 0.50, and a total wing area
including that enclosed by the fuselage of 8.116 square feet.

Pressure-distributlon measurements were obtalned over six spanwise
stations on the left wing. FEach spanwise statlion had 22 orifices on
both the upper and lower surfaces and e leading-edge orifice. Figure 1(b)
presents the spanwise and chordwise location of the measuring orifices.
A nose-boom pitot-static tube was used to check the free-stream Mach
number at low anglee of attack.

Pressures were recorded by photographing mercury manometer boerds.
An electrical integrator for wing pressures was coupled to the pressure
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transmitting system and was used in determining section normal-force
and pitching-moment coefficients. (See ref. 6.)

The Langley 16-foot transonic tunnel in which this investigation
was conducted has g slotted test section which permits & continuous
vaeriation in speed to Mach numbers slightly sbove 1.0. A description
of the tunnel is presented in reference 7.

TESTS AND ACCURACY OF MEASUREMENTS

Tests

The tests were made for a Mach number range from about 0.7 to 1.0.
The Reynolds number and Mach number fleld for these tests is presented
In figure 3. The angle-of-attack range was limited at high angles by
loads dimposed on the sting support system and vaeried from sbout -4°
to 15° at M = 0.70 and from -2° to 5° at the maximum Mach number for
thls Investigation.

Accuracy of Measurements
The average error in pressure coefficlents was found to be &bout
+0.002 for the Mach number range tested. The average difference
obtained by the electrical integrator and by manusl Integration was
within +0.02 for the section normal-force coefficient and +0.002 for
the pitching-moment coefficient.

The Mach number over the test region is believed to be accurate
to 10.005. (See ref. T7.) Measurements from the nose=boom pitot-static
tube showed excellent agreement with tunnel calibratlon data over the
Mach number range st low angles of attack. This check and the general
agreement of the data wlth flight results indicate that the Msch number
measurements In the two cases are correct.

The angle of attack of the model was derived from the sting angle
and a correctlon was chtalned by determining the deflection of the model
under appllied normsl load and pitching moments. The angle messurements
uncorrected for alr stream angularity are believed to be accurate to
within £0.05°. The upflow angle of the tunnel alr stream (ref. T} was

derived from point measurements at the tumnel center line. Since further

surveys were not made covering the flow field occupled by a large model
such as the present X-1-2 configuration, a stream-angle correction has
not been applied to the data reported herein.
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Factors Influencing the Correlation Results

In order to correlate the results of the wind-tunnel 1nvestigation
with pressure-distribution measurements obtained on the wing in flight,
the effects of the physical differences between the model and the air-
plane on the accuracy of the correlstion must be considered. The 4if-
ferences between the model alrfoill contour near the tralling edge and
the control surfaces of the airplane previously mentioned, together with
the small aileron deflections occurring during the flight tests, may
cause gome differences in the loadings over the rear 15 percent of the
alrfoils. The aileron deflections noted in the selected flight data
were all less than 1° end since the ailerorn is sealed, it is believed
that these small deflections would have & negligible effect on the pres-
sure distribution. Some difficuliies in correlating the data obtalned
from the two test facilities were due to the available instrumentation
in each case. The orifice locations on the model wing closely conforms
with those of the airplane but additional orifices were placed at the
T7.5-, 15-, and 25-percent chord stations and none of the 97.5-percent
chord on the upper surface. Throughout the tunnel tests only a few
orifices produced unusable data (figs. 4, 5, and 6), whereas data are
unavailable for several orifices at each span station for the flight
data. This lack of date somewhat limits the comparisons because of the
inabllity to define accurately the shock position and determine st what
point the deflections in the pressure dilagrams occur. Aeroelastic wing
bending was considered to be negligible because both unswept wings were
of riglid construction. The rear 16.7 percent of the model fuselage
length was modified from the clover leaf section used on the alrplane
to an oval section in order to permit the use of a sting of sufficient
strength to support the forces on the model. It was sssumed that the
wing pressures would not be affected by this modiflcation. A further
cause for some dlsagreement Iln the correlation comes about from comparing
steady-state wind-tunnel data to the high rate of change of angle-of-
attack data that occurs in flight during a pull-up.

RESULTS AND DISCUSSION

The results of the tests of the %u-scale model of the X-1-2 air-
plane in the Langley l6-foot_transonic tunnel are presented 1ln the

following filgures:
Basic Pressure Measurements

Section charscteristics « - + « « «+ v+ v « « « + « +« ¢ . Figures 4 to 9
Panel cheracteristics . . . . . . . . . . TFigures 10 to 13 and table I

-
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Correlation With Flight Measurements

Section characteristics . . . . . « . . « « « . . . . PFigures 1k to 17
Panel characteristice . . .« . « ¢« « « ¢ « « o « « « . Pigures 18 to 21

Basic Pressure Measurements

Section characteristics.- The chordwise pressure distributions
presented in figures Lk, 5, and 6 illustrate the variations in the upper
and lower surface presasure coefficlents at six spanwilse stations on the
left wing for angles of attack of approximately 0°, 2.5%, and 5°.
Included in the figures are values of the integrated section normal-
force and pitching-moment coefficlents and the wilng-panel normal-force
coefficient.

The chordwise pressure distributions at a Mach number of approxi-
mately 0.85 given in figure 4 show that the position of the shocks on
the upper and lower surfaces ie approximately the seame gt all spanwise
stations and is comparetively insensitlive to the angle of attack from a
range of 0° to 5°. At the lowest angle of attack, pressure recovery
over the rear portion of the ailrfoil is indicated and, at 4.9°, separa-
tion is evident. The distrlbutions are quite similar spanwise, although
the linboard station A shows the greater tendency to produce pesk pres-
sures near the leading edge. This result can be attributed to higher
incidence at the -root statlion and to fuselage interference effects. The
maximum section normal-force coefficlent usually occurs near the
midsemispan.

The chordwise pressure distributions at a& high subsonic speed
presented in figure 5 (M = 0.95) show that the shocks have moved back
near the trailing edge of the airfoll. Higher positive pressures are
reached on the rear portion of the lower surface of the alrfoil so that
the loading in this region i1s Increased. This effect i1s most pronounced
at the inboard and outboard sections. The maximum sectlon normal-force
coefficient has moved inboard to station B.

The pressure distributlons at a Mach number of 1.00 are similar to
those for M = 0.95. As the normal~force coefficient increases, the
pressure coefficlents on the upper surface approach a constant value
across the chord.

The increase in loading at the rear portion of the airfoil exhiblted
at the transonic speeds in figures 5 and 6 is believed to be character-
istic of cusped sections. This tendency is evident in datae on the
X-1-1 airplane with the NACA 65-108 section from flight tests (ref. 8)
end in other test facilities (ref. 9).
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The section normal-force coefficients obtalned from the integrated
pressure distributions are shown plotted agalnst the section local
geometric angle of attack in figure 7. These plots show how the section
normal-force curves vary spanwlse as indicsted by the data for sta-
tiong A, C, B, and F. The earlier stall for the inboard station A which
is evident at M = 0.70 and 0.80 is probably due to interference effects.
At a Mach number of 0.80, a sharp stall occurs at a; = 10° at the

inboard statlon. At a Mach number of 0.90, all statlons exhibit a
concave nonlinearity in the low angle-of-attack range which tends to
decrease near sonic speeds. In general, subsonically, station C has
the hilghest lift-curve slope with the slope decreasing outboard.
Stations C and D should most nearly approach two-dimensional conditions
of all the stations shown.

A comparison of pressures at station C near midspan wilth unpublished
two-dimensional data from the Langley 4- by 19-inch high-speed tunnel is
presented in figure 8. The actual angle and Mach number of the two-
dimensional data may be somevhat different as only approximate adjust-
ment for Mach number and deflection of the tunnel jet have been appliled.
The agreement with the two-dimensional data is good in spite of
the fact that the angle of attack of the two-~dimensional tests may be
somewhat in error. The angles of attack for the data of the Langley
16-foot transonic tunnel mey alsc be in error since the streem angularity
at this spanwise station is unknown but the error is believed to be less
than 0.259.

A comperison of the section normal-force coefficients agalnst the
sectlion local angle of attack for & midspan station D with two-dimensional
data at several Mach numbers 1s presented in figure 9. The slopes of the
curves. are approximately the same except for negative angles of attack
at Mach numbers of 0.70, 0.80, and 0.90. At a Mach number of 0.70, the
curves are 1n good agreement up to the force brezk where a sharp stall
occurs in the two-dimensional data. At a Mach number of 0.80, both
curves break at approximately the same position with the two-dlimensional
date having the sharper break. At M = 0.90, both curves show a concave
nonlinearity in the low angle range, whereas at M = 1.0, both curves are
linear. In general, the slopes and trends of the curves are in good
sgreement.

Panel characteristicse.- The wing has been treated es an isolated
panel and the coefficlents obtained from the pressure distributions are
based on the geometric propertles of the wing panel outboard of stetion A.
(See fig. 1(b).} The varlations of panel span-load distributions with
normel-force coefficlent shown in figure 9 for Mach numbers of 0.85,

0.95, and 1.00 were obtained from cross-falred data. At M = 0.85
(fig. 10(a)), theoretical spanwise loading distributions obtained from
reference 10 are compared with the experimental data, although this speed
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is above the critical Mach number for these airfoil sections. The
experimental results differ from the theoretical ellipticel distribu-
tions in that the test results indicete unloading near midspan and
higher loading of the tip sections for the same ncrmsl-force coefficient.
At M= 0.95 (fig. 10(b)), the loadings are similar tc M = 0.85, but
the spanwise irregularities are less severe. At M = 1.00 (fig. 10(c)),
the losding distribution approsches the elliptical type and resenmbles
that normally found for stralght wings at low subsonic speeds.

The spanwlise variations of section pitchling-moment parameter with
panel normal-force coefficient given in figure 11(a) show that, as the
normal-force coefficient lncreases, the pilitching-moment parameter
Increases positively over the inboard portion of the wing. This increase
results from the tendency of the upper-surface pressures to peak on the
forward portion of the wing at the inboard station. (See figs. k& to 6.)
The distributions at M = 0.95 and 1.00 (figs. 11(v) and (c)) are, how-
ever, more uniform as were the normal-load distributions.

The variation of wing-panel pitching-moment coefficient with wing
panel normal-force coefficient presented in figure 12 shows the wing to
be unstable at the lowest test speed (M = 0.70) but becoming more stable
at the higher test speeds, the greatest increase in stability occurring
at about 0.90. At a Mach number of 0.90, however, the wing becomes
unstable at about zero normsl-force coefficilent. This phenomenon has
also been noticed for the NACA 65-108 wing as indicated in reference 11.

Figure 13 presents plots of aerodynamic-center pogition and the
pitching-moment coefficient of the wing panel &t zero 1lift as a function
of the Mach number. The serodynamic-center position moves rearward as
the speed increases up to & Mach nmumber of about 0.95, sbove which the
aerodynamic center of the wing panel tends to move slightly forward. The
aerodynamic center positions represent average values obtained from the
portions of the wing-panel 1ift and moment curves lying below the force
breaks. The zero-1ift pltching moment of the wing panel becomes more
negative up to a Mach number of 0.85 and then becomes rapldly more posi-
tive until a Mach number of 0.90 1s reached where again there is a
reversal until for M = 0.95 to M = 1.00 the zero-lift pitching-moment
coefficient remains fairly constant at about -0.022.

The integreted values of section and panel aerodynamic character-
istics are summarized in table I. The Mach numbers listed in tsble T
have been calculated to three decimsl places in order to be comparable
with flight information. Bending-moment coefficients for the wing
panel have been included to permit correlation with tabulated flight
values. (See refs. 2 to 5.)
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Correlation of Pressure Measurements

Section characteristics.- In order to correlate the results of the
wind-tunnel investigation with flight-wing pressure-distribution measure-
ments, comparisons on the basis of chordwise loadlings are presented in
figures 14 and 15.

Figure 14(a) represents a comparison of wind-tunnel and flight data
at about M = 0.75. The flight data have been obtailned from reference 3
which presents resultant pressure coefficilents for stations A, B, C, E,
and F and upper and lower surface pressure coefficients for station D.
In general; the data from both facillitles are in good agreement, although
the position of the shock on the upper surface (station D) is farther
forward for the flight data than is indicated from wind-tunnel results.
The agreement between the two sets of data 1s much hetter at the out-
board stations E and F. Small differences in Mach number and angle of
attack may cause appreciable changes in the shock position. However,
in spite of these small differences, the sgreement of the data in
general is very good.

Figure 14(b) presents a correlation at approximately M = 0.80
with flight data obtailned from reference 4. The agreement 1s excellent
although a higher peak pressure coefficient is realized at the point
where shock occurs at the midspan station D on the flight data.

Figures 14(c) and (d) represent pressure distributions obtained
from cross plots of wind-tunnel data at M = 0.942 which are compared
with flight results presented in reference 3 representing & pull-up at
M 2 0.95, Agein the agreement 1s very good for all stations except near
the tralling edges where some differences occur. The increased loading
et the trailing edge of the wind-tunnel data is due to the airfoil cusp.
In addition, some differences of the flight pressure distribution over
the rear 15-percent chord for stations D, E, and F may be due to the
smell alleron deflectlions which were present.

A comparison of flight end wind-tunnel data at sonic speeds is
presented in figures 14(e) and (f). At the higher loading (fig. 14(f)),
the agreement with the flight data obtained from reference 5 is good.

Inasmich as the chordwlse loading comparisons do not bring out
spanwise differences occurring on both surfaces of the wing, additlonsal
comparisons of the upper- and lower-surface pressure distributions at
stations A, C, and F obtained from the wind-tunnel test data and unpub-
lished flight dste are presented In figure 15 for speeds near a Mach
number of 1.0. The agreement on both the upper and lower surface is
very good in figure 15(a) except for the expected differences near the
tralling edge.
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The varlation of section pitching-moment coefficlent about the
quarter-chord point with section normal-force coefficient for several
stations are compared with corresponding flight data in figure 16. As
would be expected from the differences in losding near the trailing
edges, the wind-tunnel data indicate greater negative values of pltching-
moment coefficient for corresponding normal-force coefficients. At the
highest speed, the agreement 1s better since the shock has moved to the
rear of the airfoll in both cases and the rear portion of the airfoils
have separated flow. At lower speeds, slight differences in the shock
positions can affect the section coefficlents greatly and the accuracy
of the pressure-distribution diagrams are affected by the available
instrumentation and constancy of test conditions. These flight data
were obtained from references 1, 4, and unpublished data. Included in
figure 16(c) is the varilation of center-of-pressure position at sta-
tion D with section normal-force cocefficient.

The manner in which the section pitching-moment coefficient and
center-of-pressure position for station D vary with Mach number is
1llustrated in figure 17 for tunnel and flight data. At the higher
speeds, as also indicated in figure 16, the agreement is very good.

Panel characteristics.- A comparison of the spanwise loading
distribution obtained in the wind tunnel with those obtained in flight
is given in figure 18. The sgreement is very good for all cases.
Similar comperisons are shown in figure 19 for the spanwise pitching-
moment distribution. The agreement here is much poorer than for the
normel loedings as would be expected from inspection of the data of
figure 16. In general, the tunnel pltching-moment data are more nega-
tive than the flight wvelues.

The wing stability as 1indicated by the panel coefficients obtained
in the tunnel and flight is shown in figure 20. This figure shows the
seme trends in agreement as were shown in figure 16 for the section
coefficients. Prediction of airplane wing pltching-moment coefficlents
through the use of wind-tunnel data for the reflexed airfoil msy involve
apprecisble error amounting to as much as 0.05 at a Mach number of 0.85.

Chordwise and spanwise center-of-pressure travel with Mach number
for the wing panel is shown for a panel normsl-force coefficlent of
gbout 0.35 for both tunnel and flight data. (See fig. 21.) The chord-
wilse center-of-pressure position along the mean serodynamic chord 1s
seen to be in agreement at Mach mumbers above 0.90. The center-of-
pressure position for the tunnel model along the mean aerodynamic chord
was 31 percent at M = 0.70, Ilncreased to L percent at M = 0.85, and
then shifted forward to 23 percent at M = 0.90 with a return to a
more rearwsrd position of sbout 45 percent above M = 0.95. Above this
Mach number the shocks remain@ the tralling edge of the alrfoil.. The
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flight center-of-pressure position was a meximum of ebout 5 percent
farther forward st M = 0.85. The spanwlse center-of-pressure posltions
are in good agreement throughout the Mach number range.

The general good agreement between the flight and wind-tunnel
results serves as evidence that there is negligible effect of restric-
tions and tunnel-wall interference on pressure deta obtained from &
sting-supported model of this size or smaller in the Langley 16-foot
slotted wind tunnel at high subsonic and transonic speeds. The spanwlse
loading comparisons offer ample evidence that the corrections which are
a function of the 1lift coefficlent are negligibly small and need not be
applied to the slotted-tunnel data for these tests. Furthermore, in
spite of the flight Reynolds numbers being about three times as large
as those for the wind ftunnel, the good sgreement of the correlation
date indicates negliglble scale effect for these tests run at a Reynolds
number of about 4.5 million. '

CORCLUSIONS

An investigation was made in the Langley 16-foot transonic tunnel
of the aerodynamic characteristics of a %-—scale model of the X-1-2 alr-

plane in order to correlate wing pressure distribution results obtalned
in a slotted wind tunnel at transonic speeds with flight test data on
the full-scale alrplane. A comperison of data obtained 1in the wind
tunnel with that obtalned in flight leads to the following conclusions:

1. Evidence was not found to indicate that restrictions or inter-
ference effects of sufficlent magnitude existed to affect the valldity
of wing pressure distribution data obtained with the relatively large
model that was tested in the langley 16-foot slotted wind tunnel.

2. Chordwise pressure distributions and spanwise loadings sre in
good agreement wilth those obtained in flight on the X-1-2 sirplane.

3. A comparison of the chordwise center-of-pressure positions shows
good agreement above & Mach number of 0.90. Below this speed the center
of pressure from the flight tests was gboult five percent farther forward
on the mean aerodynamic chord. The spanwlse center-of-pressure positions
were in egreement throughout the Mach number range.

4., The wind-tunnel pitching-moment cocefficlents were greater nega-
tively than those obtained in flight because of slight differences in
trailing-edge contours of the sirfolils, but the static stabllity of the



X J

NACA RM L52E29 13

wing was about the same. The wing.panel pitching-moment coefficient
variation with normal-force coefficient obtained in the wind tunnel
showed a decrease in stability neasr zero 1lift at & Mach number of 0.90.

5. It was found that the midsemispan sectlion data of the model wing
obtained in the slotted tunnel were in good agreement with two-dimensionsl

data.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I
BUMMARY OF INTEGRATED SECTION AND PANBL AERCDYFAMIC CBARACTERTHTICS

8ection normal-force Bection pitching-moment % y,
&, - -
M “; coefficlent c, at station coefficient cg. &t station cx Cm cp ?‘B ﬂ
A | B | c | D | E ’ F A I B | c l n I x ] ¥
Mx 0.7
0.638 | 4.23 | -0.181 | -0.166 | -0.163 | -0.145 | -0.089 | -0.0l2 | -0.032 { -0.028 | -0.026 {-0.031L | -0.027 | -0.028 } -0.136 | -0.030 | -0.050 | ----- | 0.367
6981 -h.96 ] -.27h | -.272| -.165| -.1h6| ~.091 | -.038| -.031{ -.089| -.088 | -.032 | -.030| -.089{ -.139| -.03L | -.052| wmmw=| .3T2
688 { -1.95 050 0686 079 091 .10k o | -.025) -.0p3| -.023] -.028 | -.025{ -.021 OTT | -.02% .037| 0.570 | .h78
696 | -1.96 o .073 .090 102 108 050| -.0251 -.025] -.02k| -.028| -.028} -.020 .08k | -.026 ohof . 78
699 .33 287 .31k .329 339 318 .283| -.018) -.028| -.020| -.025| -.022| -.013 230k | -.020 A30] L3151 .he®
.69k .33 .301 .320 .39 .353 21851 -.017| -.020| -.020 -.oai -.023 | -.01h .31% (| -.000 A36) .32 Jh3L
690) 261 .ser| 536 | AL . 533 332 | -.003| -.008| -.009 | -.00k | -.013| -.on1 B3] -.007| 227 - .
695 | 2,60 33| STB| S5 o] ..532 .32?' -.003| -.006| -.009 | ~.003] -.023} -.013| .%36] -.0xx{| .e27| .271| .h22
692 | L.&1 I5T 803 .830 836 5L Kt .016 ,012 .00T .003 .00k | -.010 6T 009 L3271 259 .her
696 | k.50 go .833 838 @ . .015% .01 .006 .003 003 | -.013 769 .008 «327) 240 | W25
6951 5.99 857 2903 .9kl K K 593 .01 005 005t 0 005 | -.021 871 .008 IT3| .2kl A3
690 | 6.99 .663 .863 .888 923 897 E43 ] 082 -.058 005 0 008 | -.013 .8a3 | -.021 36} o8k .
6971 6.93 TR 859 k2 §70 906 Lk | -.0131 -.010 001 | -.006 .007 | -.023 876 | -.00k A85] .35k A39
695 | 6.97 128 882 891 B -699 L638 | -.088 | -.032| -.010 003 .008 | ~.020 851 | -.016 371 268 | M
69k | 7.96 .669 905 922 970 9 .680 | -.083[ -.068 .005 | -.001 .008 | -.oek 868 | -.008 <3881 282 | .ahT
.693 | 8.93 .618 88 893 93 91 29| ~.085| -.082| -.0e0 | -.020 | -.010 | -.018 829 | -.008 382) .307| &
697 | 8.91 .6k8 .879 852 .8e6 . 651 -.086 | -.00| -.019 | -.09% | -.018 | -.021 8061 -.055 2357 L3168 kA3
695 | 9.90 61T BTT 8% 865 812 ST -.090 | -.0T3| -.ONT| -.092 | -.03h | -.02h L8181 -.063 W36 .32T | .Ak8
.689 |10.87 ko g 862 a1 .Bha £99 | -.083 | -.097| -.062 | -.088 | -.102 | -.03% 113 -.086 3% | .361 | .h6h
.696 |10.88 625 . 862 895 8251 672 -.088 | -.076| -.063 | -.078 | -.08L | -.0MT Bo6 | -.0Th 36k 341 W
.62 {1291 | .6ko| .668| .8m1 | .813| .8om| .708| -.083| -.103| ~.083 | -.118 | -.133 | -.056 gw -.203 | .346| .288| .M83
.696 |12.92 676 87h 906 .933 .78 Gez | -.09h | -.080 ] . -.301 | -.128 | -.0%9 832 | -.089 368 .35T| M2
.690 |13.94 | 0.663 | 0.693 | 0.91k | 0.8TT| ©. 0.728 | -0.087 | -0.105 | -0.097 | -0.118 | -0.131 | -0.06k om -0.107 | 0.358 | 0.388 Jo.h61
.651 | 1k.96 690 T2R 973 955 R ] -9 | -109| -105| -.115| -.130 | -.081 -1 .380] .385( .M6
689 15, .79 | .78 | 1.000] .970| .85 01| -.093| -] -.10| -.138] -.231| -.096| .8k3| -~.uuh | .390] .386([ .b63
H = 0.73
2.69 553 602 | .61k 623 ST .3ﬁ8 -.002 | -.003| -.005{ -.012 f -.000| ~-.0Ll 567 | -.008 3| .eme| A2
2.66 _5’38 387 605 609 Bthl Sy 002 | -.002| -.006| -.012| -.011| -.009 S5 -.008 238 2% | Jhebh
698 | .71 | .89 ] .855 | .863| .800 o | © -.013| -.010| -.002] -.018| 798| -.003 3k gak g
k.2 TS 833 gia 861 Zgls 535 .016 .00T| -.00t | -.007T | -.003 | -.0lk 794 .003 Gho| .ok 29
6.07 853 -908 .gk3 945 K . .019 [ -.001| -.020[ -.al3] -.003 | -.019 B19 | -.003 300} 2% | .k32
T.02 696 865 .8as 919 879 E88 | -.0%3 [ -.Oh3| -.02k | -.033 | -.002 | -.0. .833| -.030 g& 286 | WS
7.03 T2k 881 925 960 .91k 668 | -.037| -.0%| -.008 | -.02¢| 0 -.019 870 | -.020 . 2T e
g.srr £98 .833 920 972 .Gk .m3| -.065| -.013| -.005| -.013] -.002 | -.021 867 | ~.036 92| .21 | e
.97 629 TTh .8713 898 .903 Jqao | -.082 | -.080| -.025 ) -.0b5 | -.023 | -.020 8Lk [ -.053 76| 5| W63
10.94% ] 762 ggg 812 843 731 -.ggg -.080| -.068 | -.119 | -.065 | -.028 .78k | -.080 J36e | .3m2 | Whe2
12.97 662 .93 . BTh 835 ™ - -.081| -.090 | -.115 | -.22T7 | - 808 [ -.09% 367 368 | a5k
¥ % 0.7T3
2,72 | 0.573 | 0.630 | 0.6k0 | 0.642 | 0.587 0.32‘8 ~0.002 | -0.006 | -0.009 [-0.01k [-0.010 |-0.013 | 0.589 | -0.008 | 0.2%a { 0.263 | 0.h27
3.9 | .7e| 757 m . Kot - ) - -.016 | -.017| -.007( -.006 | 7l | -.c07| .308) .260| .:28
3.90| .m=2| 760} . . o9 | 67| 003} -.008| -.0%0 | -.018| -.020{ ~.019 | .72l | -0l | .308| .266| .h28
koo | .762| .Bar{ .83k | .830| .781 836 | .007T | -.020| -.ob1l{ -.029 | -.006 | -.018 E‘J; ~020 | .336| .275| %30
6.07 .8g3 882 881 883 843 609 2008 | -.03k| -.0%2 | ~.0M8 | -.000} -.020 . -.030 .360| 287 | .M3T
7.03 .813 .63 882 9h2 .13 668 | -.008] -.0%0| -.0%% | -.033| -.020§ -.0 8% | -.033 378 | 290 | .kkO
8.93 | .637| .83% 84T | .Bar| .862 686} -.08L | -.088( -.039 | -. -0 ] -.019| .800] -.060 | .36 .328| kA5
M x0.80
L 4,39 {-0.233 |-0.23% |-0.229 [-0.215 | -0.268 | -0.097 | -0.039 |-0.035 | -0.032 |-0.03% | -0.039 | -0.033 | ~0.202 | -0.035 {-0.080 [ --— | 0.396
. -1.95 .068 .096 101 .109 1m 05| -.031] -.038| -.082| -.038 | -.033 | -.02% .09k | -.033 Ok | 606 | k%L
B -1.:5 .0T3 .086 098 11 107 062 ) -.034 | -.03% | -.036 | -.0kd | ~.OML ]| -.026 092 { -.036 WOk2 | 639 | kBT
. A5 9% .386 .hod I8 543 369 207 -.089 | -.03k | -.041 | -.0k7 | -.038 | -.022 .369 "oﬂ W57 .3%0 | k26
. 2.77 % .631 646 6hk o2 .381 | -.00T | -.cha| -.063 | -.068 | -.oh0 | -.026 N 253 | .308 | ko6
. 3.92 . .T36 ;«R TOT 681 A58 ] 025 | -0 | 087 - -.048 | -.033 676 | =052 L2881 327 | M25
3.92 691 T . 713 692 Wh63 | 025 | -.0%9 | -.037 | -.0° -.0h8 | ~.03k .686 | -.0%2 293 | .326 | JhaT
5.01 e 798 ga 786 TR 59| -.035 | -.055| -062 | -.083 | -.069 | -.039 K -.0%6 316 Lok | k21
6.08 96 ks k1 833 830 603 -.036 | -.0%9 1 -.0T6 -.gg -.0%2 | -.0h3 « -.0% J3ag | 3ok | LA3h
7.13 Beg 857 A7k | 870 887 66k | 0381 -.068} -.068 | -. -.066 | .05 8ky "3‘@2 369 | W38 | 39
T.25 830 86> 8hg .90% 912 ETT| -.035 § -.060f -.0TT | -.0F -.076 -.gﬁ 846 | - 372 326 k0
8.05| .637|{ 81| .B;1 | .91 906 | .692 | -.078 { -.078| -.0M2 | -. -.063 | - Be2 | -066 ] 373 W3 | 3
9.06 | .626| .870 ] .892 | .906} .ghe | .79 | -.0Bh | -.078| -.0M | -. -om| -.0%| .8%| -.070] .388] .332| .A%6
Mz 0.85
-kl |-0.2ke |-0.234 |-0.233 |-0.215 | -0.1% | -0.100 | -0.027 [-0.019 | -0.012 |-0.017 {-0.028 |-0.035 | -G.202 | -0.022 |-0.079 [ =-=-- | 0.391
oo} -03% | 238 | ~222 | 92| -.1%6 ] -.093 | -.029 | 022 -.018 | -.026 ] -.03h | 035 | -.295 ] -.023 | =073 | mmemm .386
-1.99 | .oMk 1 .066 | .0T3 .ggg 093] .0%0) -.oh2 | -.047]| -.0sL | -.0%% | -051 | -.032| .o70| -.0M8 | .033( .929 | .h72
~2.02 .066 073 073 . 100 09T | -.0hT | -.048] -.omL | -.0%k | 0% | -.032 OT8 | -.0k9 036 | 880 .M63
1 +3059 .339 L3k <3k0 .337 208 -0k | -.065] -.073 | ~.0Th | -.0T2 | ~.03k 323 | -.06% 13 | ka8 | ko9
2.71 A3k .56 532 +503 2531 395 | -.057 | -.066| -.067 | -.010 | -.0B1 | - 213 | -.06% 218 | (376 | heS
noe | B | oo | 709 | .Beo| 27| MR | -.0k9 | -.076| -.076 | -.083 | ~.099 | -.0& .23 -.013 | .298| .362]| .M39
4.9k 66, .TaL 01 708 Eg S1T | -.093 | -.070 -.g -.08% | -.099 | -.0T2 . -.gg 297 | 363 M6
7.2 | TS| .08 836 | .8ko | . 673 | -.055 | -.ot6] -. 92| -2 -.09x ¢ .8e2l -, $365 | .33 Jhah
7,131 O | .Gk | .T76 | 851§ .8s8 F .66h | -.087 | -.070| -.088 | ~.090 | -.106 | -.092{ .800| -.083 | .33 | .15k | .A39
8.17 g Buz | 875 | 81| 9m | 730! -.086 -.gp -.085 | -.092 [ -.118 [ -.095 ) .831] -.086  .383| .331 :io
8.20 . 890 840 .909 926 36| -.062 | -.081| ~.09k | -.09% [ -.136 | -.102 863 | ~.052 382 | 356 | A3
9.08 .Gh2 Zse .88 .89% 936 JT56 -.ggg ~.086| -.07h | =.090 | -. -.083 825 | -.087 386 355 | 6B
9.13 | .6% | .83 | 913 | .9=23| .9% | .768 | -. -.088| -.077T | -.096 ) -.120 | -.096| .8%0 ] -.093 | .389| .3%9 | .Ao7
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ABLE I ~ Conclnded
SUMMARY OF INTEGRATED SECTTON AND PAREL APRODYNAMIC CHARACTERISTICS - Concluded
Saction normal-force Saction pltehing-moment
coefficlent cy at station - coefficient ¢ at ptation - X Y
N d:a n o/l ey | e | Zp | T2
A i c D ® F A B c D B F

N~ 0.90
0.897 | 4,38 |-0.207 | -0.2k2 |-0.121 |-0.185 |-0.20k | -0.105 | -0.035 | -0.010|-0,062 |-0.019 | -0.002 |-0.028 | 0,185 {-0.027 | 0.031 |0.10% | 0.081
896|-2,13 | ~.091 | ~221 | -.038 | -.083 | -.109 | ~.00T| .006 .032| ~021 | .029| -.026 | ~.012| -.087 | .ook | .016| .296| .069
96| -2.10] ~o11} -.062) -.082 | -.o2r } .00} .cRO| -.020 011 oeg -.002| ~010 | =019 | -.033| .003 | ~.00B | .385|-=-—
897 AT .093 113 110 086 092 AL 014 .023| .02 034 018 | -.008 102 .08, L019 | o4k | ,Bh1
809 | 2,87 .320 358 | .350 .338 3ok 235 | .00l 002] =, 005 | 004 | -.006 | -.018 323 | -.002 0861 .2%6| .Lak
B08 ) LBk | 53| 88| 570 BMB| .570} .kee| -.018 | -.03%| -.0h0 | -.035| -.0%k | <052 BT ) -.036 | 100 .35 .h33
897 | T.20 | .837| .834 Bes 815 .806 608 | ~.082 ] -100] ~209 | 113 -. -090| .91 -.100 Abe | .36 ] B30
893 B.3% ) .9k2| 2.000| .997 | .99 | .966| .697( ~.104| -.150] -2%8 ;i -061] -.267 | -228) .9ho | -.186 | 405 | Jhos |

N 0,99
939 | -h.i5 966 | -0.246 |-0.245 |~0.242 |~0.197 |~0.087 | 0.003 | o©.00k] 6,012 | 0.02% | 0.001 |-0.020 | -0.229 | 0.003 |-0.087 {-=nnm | =crmm
.90 | -2.12 | ~.02h | -.001 | -.00k | -.020 .002 OLT | =022 | -.020f -.015 | ~.011 | -~.009 | =027 | -.000 | -.008 | -.002 | ~~mam 0.187
gh2| .28 230 2h3 .236 223 .216 Akl | -.052 | -.0%) -.089 | -.085 | -.0L6 | 027 | 206 | -.OBT | .09 | 0,467 .leR
S| 266 | 86| kB | LBL | (W50 | e | 62| -.077| -.083) -088 | -.OT5 | -.073 | ~.031 | .B36 | w076 | 281 | Jheh | bk
O | Bo7T ) 7030 7B | .79 | .683 B ko6 ) =111 | -1 ~e13h | -a122 ) nu1i2 | wohe | 672 | -7 | .28 | Jke3 ) W41
O 121 | B8 | 958 | 925 | 898 Bl | ss2| -,138 | -283] -.179 | -.173 ] -.153 | -.0T0| 863 | -.160 | .362 | 435 ] 420

M 21,00
0.995 | -%.hl |-0.265 | -0,861 |.0.257 |-0.246 |-0.20% |-0.103 [-0.001 | 0,013 0.023 | 0.020 | 0.003 {-D.022 |-0.230 | 0.009 | 0.035 |0.290 | 0.100
990 | -2.0k | ~.012| .006| .00l -.008) .oe8| .oe2| -.o2k| -.025| -.019 | -.OLk| -.026 | -,027 | .006) -.023 | .00B {---—-—- -—
991 .33} 2181 .23k | 225 | .,208| .206| .128| -.0b9 | -.om0| -. ~042( -.0h2 | <023 | .207 | -.0b% | .0BF( K63 |-eeee
995 | 2.7 458 ke A7 | 563 .43 2701 -.08% | -.083| -.09) | -.088| -.000L | -.03k | .h6&5 | ~.080 002 | LJhep | MY
993 5.0 681 .70| 689 .53} .619| .392| -.207| -.222| -.123 | -.131| -ul0C | -.O0B6 | ,636 | -.107 | .266 | W8 | M8
998 | 5.0k | .688 \ 701, 679 666 26| .386| -.108 | -.116( -7 | -.120] -.105 | -.0M1 638 | ~.106 265 | K7 | JMe
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{a) Model dimensions.

Figure 1.~ Sketch of % -scale model of the X~1-2 alrplane as tested in

the Langley l6-foot transonic tumnel. All dimensions in inches.
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18.55

42.00

34.25

19

Spanwise locations of pressure measuring orifices

Span. station A B o) ] E F
Distance from model center

line , percent semispan 8.5 33.8 49,1 64.4 79.8 95.1
Distance from sfation A

percenf sem[span ! (o] 18.8 37.6 56.4 75.2 °4.0

Ghordwise locations of pressiire measuring orifices {(percent chord}

The distribution of orifices ot all spanwise stations is

identical.

Upper surface 0,1.25,2.5,5,75,10,5,20,25,30,35,40;45,50,55,60,55,70,75,80, 85 ,90,95

Lower surface

Local wing station incidence

125,25,5,75, 10,15,20,25,30,35,40,45,50,55,60, 55,70, 75, 80, 85, 90,95

Span station

¢

A

incidence ,degrees

2.50

2.490

230

217

2.02

.86

.51

(b) Wing dimensions.

Figure l.- Continued.
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Fiap stagtions

Aileron stations

85 S0 o5 100
Parcent chord

Airplone
Model

i

“-'-\JN'IA.E"A“".-J"

(c) Physical differences between airplane and model wing trailing edge.

Figure 1.~ Concluded.



Plgure 2.- The

(a) Three-quarter front view.

" ~scale model of the X-1-2 airplane and the model support
system in the Langley 16-foot transcnic tunnel,

E2deaT WH VOVN
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Three-quarter rear view,
Figore 2,- Concluded,

)
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a.8x 108
o S
SN
2 " N
2 § S
3 N
2 f LTunnel stagnation temperature
) / limits 125°to 150° F
= 4.0 i - 1 1 —t 1
.6 7 .8 9 1.0 LI
Mach number, M _1@

Figure 3.~ Variation of Reynolds number with Mach number obtained in the

investigation of a —il— scale model of the X-1-2 airplane in the Langley

16-foot transonic tunnel. c' = 1.203 feet.
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Figure 4,- Chordwise Pressure distributions over the left wing of the
%;—-scale model of the X-1-2 airplane at M =~ 0.85.
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Prassure coefficient, P
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Figure k.- Continued.
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Pressure coefficient, P
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Figure lL.- Concluded.
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Figure 5.~ Chordwise pressure distributions over ths left wing of the

i—Ll.-—scale model of the X-1-2 airplane at M X 0.95.
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(c) Tunnel M=0.945, Cy=-0.113; Flight-M=0.951, Ci=-0.104, -
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Figure 19.- Bpanwlse section pitching-moment distributions obtalned fram
wind-tunnel and flight tests at several Mach numbers.
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Figure 20.~ Wing-panel pitching-moment coefficient about the 0,25 mean

aerodynamic chord againast wing-panel normmal-force coefficient obteined

frorm wind-tunmnel and flight results.
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Figure 21.- Variation of chordwise and spanwise center of pressure of
wing panel with Mach number obtained from wind tunnel and flight

tests. Cyx = 0.35.
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